We computed the fission properties of nuclei in the range of 84 ≤ Z ≤ 120 and 118 ≤ N ≤ 250 using the Barcelona-Catania-Paris-Madrid (BCPM) Energy Density Functional (EDF). For the first time, a set of spontaneous and neutron-induced fission rates were obtained from a microscopic calculation of nuclear collective inertias. These fission rates were used as a nuclear input in the estimation of nucleosynthesis yields on neutron star mergers. We founded that the increased stability against the fission process predicted by the BCPM allows the formation of nuclei up to A = 286. This constitutes a first step in a systematic exploration of different sets of fission rates on r-process abundance predictions.
Introduction
The rapid neutron capture process (r-process) is responsible for the production of half of the elements heavier than iron that are observed in stars of different metallicities as well as in the solar system. The quest to identify its actual astrophysical site is still ongoing, but there are strong indications that make neutron star mergers (NSM) a likely candidate. Realistic r-process calculations for matter ejected in NSM require the knowledge of nuclear properties and decay modes of nuclei covering the region from the valley of stability to the neutron drip-line. The major challenge comes from the fact that most of the nuclei involved in r-process calculations cannot be measured at the laboratories and their nuclear properties must be extracted from theoretical models bringing a large uncertainty in the final predictions of the nucleosynthesis yields [1] [2] [3] . In this work, we will focus on the role played by fission using a consistent and microscopic calculation of both the potential energy surfaces and the collective inertias within the framework of the Self-Consistent Mean-Field (SCMF) theory with EDFs [4] .
Role of fission
Following the Hartree-Fock-Bogoliubov (HFB) theory with constraining operators, we computed the fission properties of nuclei in the region of 84 ≤ Z ≤ 120 and 118 ≤ N ≤ 250 using the BCPM EDF [5] . The probability of the nucleus to penetrate the fission barrier and undergo fission is given, within the semiclassical Wentzel-Kramers-Brillouin (WKB) approach, by the action integral computed along the fission path
being M, V and E 0 the collective inertia, effective potential energy and collective ground-state energy of the nucleus. The only collective degree of freedom describing the evolution of the potential energy surface is the axial quadrupole moment operator Q 20 = z 2 − 1 2 (x 2 + y 2 ) representing the axially symmetric stretching of the nucleus (see [6, 7] for further details). Collective inertias are calculated within the Adiabatic Time-Dependent HFB (ATDHFB) scheme and bulk properties of nuclei with an odd number of protons and/or neutrons are obtained using the Perturbative Nucleon Addition Method (PNAM) [8] .
In r-process calculations, the most relevant fission decay mode is the neutron-induced fission process, where the penetration probability is computed using Eq. (1) and replacing the collective ground state energy E 0 by the excitation energy of the compound nucleus after the neutron capture. In a first approximation, one can compute this excitation energy as the neutron separation energy of the parental nucleus and, therefore, the competition between the neutron capture and the neutron-induced fission is given by the difference between the neutron separation energy S n and the fission barrier B f . The BCPM prediction of this neutron-induced "energy window" is shown in the upper panel of Fig. 1 . A simple estimation of the r-process path, given by nuclei with a constant neutron separation energy of 2 MeV [9] , is depicted with a solid line. For nuclei with Z ≤ 92, the r-process path proceeds through a region where the neutron induced fission is highly suppressed, with values of B f − S n 10 MeV. But once the predicted neutron magic number N = 184 is reached, the r-process path moves towards a region of lower fission barriers where the neutron-induced fission starts to compete with neutron capture. This competition between neutron capture and neutron-induced fission for nuclei around Z/N = 102/188 is reflected in the lower panel of Fig. 1 showing the dominating decay channel of each nucleus. Nuclei beyond the neutron drip-line were excluded from the plot since they are expected to decay back to stability by neutron emission. In this plot, we see that BCPM calculations predict a corridor between the r-path and the neutron drip-line where the neutron capture dominates up to nuclei with mass number A = 340. In the next section, we will show that this corridor allows for the production of the heaviest nuclei when the neutroncapture freezes out. Finally, from Fig. 1 , it is possible to conclude that the spontaneous fission decay plays a relevant role in r-process calculations only in the region of nuclei with B f ≤ 2 MeV. 
r-process nucleosynthesis calculations
Using the nuclear inputs provided by the BCPM interaction, we computed the neutron-induced rates relevant for r-process nucleosynthesis for nuclei with Z ≥ 84. For the first time, a complete set of neutron-induced fission rates was obtained from microscopic calculations of the collective inertias using the TALYS nuclear reaction code 1 . All rates were calculated using the Back-shifted Fermi gas model for level densities and the KopeckyUhl generalized Lorentzian gamma-ray strength functions. The new set of neutron capture, photodissociation, spontaneous and neutron-induced fission rates was used for running r-process calculations for a single standard trajectory simulating the dynamic ejecta in neutron star mergers [2] . When experimental data was not available, masses of nuclei with Z < 84 were adopted from the Finite Range Droplet Model (FRDM), mass model [11] and β-decay rates from the compilation of Möller et al. [12] . Figure 2 shows the abundances obtained in our calculations at three different phases of the evolution: when the neutron-to-seed ratio becomes equal to one, marking the beginning of the neutron-capture freeze out (right panel); the time when the beta-decay rate equals the neutron-capture rate and the material starts to decay back to stability (middle panel); and at 1 Gy, when most of the material left can be considered stable. The abundances of this work are compared with previous calculations [2] obtained from the astrophysical reaction rates of Panov et al. when the neutron-to-seed ratio becomes equal to one (right panel); the time when the beta-decay rate equals the neutron-capture rate (middle panel); and at 1 Gy, when most of the material has decayed back to stability. Bullets represent the solar r-process relative abundances.
Thomas-Fermi (TF) fission barriers [13] . The fission barriers predicted by the TF model for nuclei around the r-path are, in general, 2 MeV lower than those predicted by BCPM for the same nuclei. One consequence of the higher barriers predicted by BCPM is the larger production of material with 283 ≤ A ≤ 286 at the early stages of the evolution, as it is shown in the right and middle panel of Fig. 2 . This material is produced by nuclei accumulated above the (predicted) magic neutron number N = 184 (see Fig. 3 ), where B f ∼ 8 MeV. Some of these nuclei will afterward decay by spontaneous fission, increasing the yields above the second peak (120 ≤ A ≤ 160) as it is shown in the right panel of Fig. 2 . In Fig. 3 , we can see that nuclei with a mass number up to 320 can be produced at the neutron freeze-out in the corridor described in Sec. 2. However, a larger production of such heavy nuclei is prevented by the low neutron separation energies of nuclei in this region and the fact that the r-path has to overcome a rather broad region of nuclei around Z/N = 100/190, where the neutron-induced fission decay dominates over neutron capture (see lower panel in Fig. 1 ). Comparing our results with previous r-process calculations of Petermann et al. [14] , we found that our abundances at the freeze out resembles those obtained using the Extended Thomas-Fermi Model with Strutinski Integral (ETSFI) nuclear masses and fission barriers. 
Conclusions
We presented the r-process abundances for matter ejected dynamically in neutron star mergers using the BCPM fission properties. The neutroninduced fission rates obtained in this study allow the production of r-process nuclei up to A = 310, and compared to previous calculations [2] increase the amount of material accumulated around A = 285. In order to fully understand the impact of a microscopic calculations of fission rates in r-process nucleosynthesis, a consistent computation of beta-delayed fission rates and the comparison with results coming from other EDFs is required. Work in this direction is already in progress.
